Researching the materials of official protocols of four world swimming championships over a period of 2013-2019 provided grounds for optimization of competitiveness quantitative and qualitative criteria in sports swimming. The method is offered concerning the differentiation of athletes' general sample pattern structure by each swimming specialization. The unequal density of sports results in the ranges of linear and non-linear distribution is determined, which affects the quality of the results analysis in swimming. The highest density of the results distribution function, with the corresponding number of high-level athletes, regarding sports and technical readiness, is the optimizing factor of their high competitiveness in sports contests. The optimal algorithm of calculating parameters of results distribution and quantitative structure of various samples of athletes of each swimming specialization is developed and tested. The implementation of an integrated approach to optimizing the analysis of the distribution function generates a more accurate forecast of results in various disciplines of swimming based on the application of standard criteria.
I. INTRODUCTION
Modern rates of high achievements sports development characterize large-scale expansion of competitive activity of athletes, including sports swimming.
One of the priority scientific directions of research in sports of high achievements, from methodological point of view, was the optimization of parameters of training and competitive activity of athletes.
II. LITERATURE REVIEW
However, studies on swimming over the past two decades have paid very little attention to these issues. In relation to the level of high sports achievements, there is an increased interest of specialists and athletes to the issues of providing technologies for sports improvement [1, 2, 3, 4, 5, 6] , an expanded search for reserves to improve results in competitions of different levels [7, 8, 9, 10] at different distances of sports swimming [11, 12, 13, 14, 15, 16, 17] .
The relevance of this study is determined by the need to expand the scientific search in the context of the issue of optimizing the analysis of competitive activity of high-class athletes. In this regard, a scientifically and practically justified search method for an optimal solution to this problem is necessary.
The purpose of the study was determined with regard to the need to optimize and improve the methods of analyzing the main criterion of success in sports -the results of sports activities.
III. RESEARCH METHODOLOGY
In the most general form, the solution of the first optimization problem was to provide information analysis of the distribution function of the highly qualified swimmers results, which assumed proper arrangement of the criteria and definition of the initial data system format. The presentation of the athletes' results in accordance with the occupied places definitely determined the format of rank distribution of the average swimming speed values (Vaver.) at the distance for each swimming style.
The study and analysis of the results distribution of sports swimming competitions was carried out on the basis of official data in the protocols of four world cup championships (FINA) over a period of 2013-2019. The analysis technology provided proper arrangement of initial data in a required sequence of the swimmers activity most informative values indicators in preliminary heats, semi-finals and finals. It is well known that the implementation of this technique involves arrangement of the initial data and the presence of substantive and computational components of the analysis. As the main carriers of the required information were identified the following characteristicsaverage speed value of covering the distance (Vaver.), standard parameters of linear approximation of the values distribution function (Vaver.), as well as values of angular (a) and linear (b) coefficients of the results distribution function and the coefficient of determination (R 2 ). The calculated result of the conditional leader (V1) was used as a short-term forecast criterion.
Thus, for the effective analysis of the initial and basic design characteristics of competitive activity it was necessary "to adjust" the primary information logically and structurally and in the same way to assess the possible results of intermediate operations.
In the distribution of individual average speed values in general groups of athletes, regardless of swimming style, there was as a rule an alternation of results linear and nonlinear distribution sections. The ranges of linear distribution were characterized by minimal differences in results, that is, they indicated a high level of competitiveness (special training) of the leading athletes. Various variants and features of the sports results distribution were presented in the format of a linear function, as well as in the formats of power polynomials (for example, 2 nd or 3 rd degree), for the purpose of comparative evaluation of approximation methods. These well-known methods have been widely used in previous studies of this type.
To improve the efficiency of the analysis, it is advisable to present the distribution function of sports results from the standpoint of the athletes' total sample heterogeneity in each discipline of swimming.
In this regard, the solution of the second problemoptimization of the athletes composition in each general group of specialization in swimming -assumed the use of a differentiated approach to determining the quantitative ratio of athletes in groups of different categories, in accordance with the status of their sports readiness (group "leaders"), their closest competitors (group "main") and athletes from the bottom of protocols lists (group "outsiders").
During identification of groups, we relied on characteristic features of athletes representing them. First, the nonlinear nature of the "leaders" group athletes average distance speed distribution values is generally conditioned by obvious advantage of a small number of the most prepared athletes. Second, the specificity of the "main" group was considered in the context of constant competition with the "leaders" group, regardless of the swimming style. The number of athletes, competing in the "leaders" and "main" groups, totally was no less than 50-60% of the whole number of competitors in different styles of swimming. Therefore, the division of the "main" group into two subgroups (A and B) generally is not required, but it is necessary in large samples. Third, a significant decrease in average distance speed, regardless of the swimming style, objectively indicated an insufficient level of weaker athletes (group "outsiders") special training.
Thus, the study used two main methods to optimize the analysis of the results. First, the method of identifying features of the distribution function of sports results in general and specific athletes' groups of different specializations (Vaver.). Secondly, we applied a differentiated method of determining the quantitative composition of athletes total samples for each distance and swimming style.
IV. RESULTS
The preliminary study of the four world swimming championships (2013-2019) results showed that, due to the specific features of highly qualified athletes samples, the level of their relative competitiveness is usually heterogeneous in most competitions, according to the criterion of decreasing the distribution function values (Vaver.). A noticeably different character of Vaver. distribution in the selected groups of athletes testified to the presence of the samples specific features. The evident nature of their demonstration is clearly visible in each discipline of sports swimming, especially on the opposite "edges" of the total sample of athletes of the swimming specialization (leaders and outsiders). Therefore, in the analysis of these specific ranges of Vaver. distribution, it is advisable to use other schemes of calculated coefficients, based on complex mathematical methods (which are not considered here).
However, quite often the problems of sports practice can be solved in a relatively simple, but more rational way of processing the Vaver. distribution function, for example, in the alternating ranges of linear and nonlinear sections of the Vaver. distribution function. In such variants of Vaver. values distribution, the application of iterations methods (consecutive approximations) and approximation of initial data by "sensitive" power polynomials allows to study sequentially the above mentioned areas of Vaver. distribution in the total sample of athletes. Below is a typical example (Fig. 1 ).
In the "leaders" zone, the results of the eight best athletes participating in the final heats were visually distributed. The dependence line in this section of the diagram is markedly different from the general trend of the Vaver. distribution function. At the same time, as can be seen from this diagram, a more detailed representation of the results distribution function is possible, which gives a refinement of the function values in favor of "leaders"from the first to the fourth places. However, the values of angular coefficients (a) of linear functions in both sections of the athletes-leaders results distribution and the main group results differed from each other four times. In this regard, it is necessary to note the cases when the participants of the finals, who took the last places in the end, showed their worst results compared to the previous stage of the competition.
The results of this study also revealed the following features of the demonstration of sports results distribution in certain groups of athletes, but within a specific swimming specialization.
For example, in all styles of high-speed swimming (at distances of 50 and 100 meters by different swimming styles), sportswomen of the main group A had the best averaged values of angular coefficient (a). Its relatively best values Advances in Economics, Business and Management Research, volume 114 ranged from -0.0023 to -0.0027 in breaststroke and freestyle respectively. At the lower limit, the range of variation in the values of angular coefficient in the same group was from -0.0031 to -0.0046 in backstroke and breaststroke respectively. At sprint distances, slightly "lagging" values of angular coefficient in any swimming style can be explained by the influence of not quite successful execution of the start.
The regularity of another type can be distinguished by changes in the values of linear coefficient (b) of the results distribution in groups of the female athletes' general sample according to the swimming styles. In essence, the values of this coefficient are close to the forecast -the calculated average distance speed of the conditional leader Vaver (1) . These data show that the value of this coefficient decreases in accordance with the average level of athletes' preparedness. So, for example, in "the fastest" freestyle the lag of the main group A sportswomen from the leaders group by the value of linear coefficient was 4.12-4.64%; in "the slowest" breaststrokewas almost the same, 4.05-4.68%. Accordingly, the lag of athletes of the main group B from the main group A by the value of linear coefficient was already 4.60-5.34% in freestyle and up to 5.49% -in breaststroke.
At the distance of 100m by various swimming styles, the following results of sportswomen in different groups as part of the general group of swimming specializations were obtained. Just as in the 50m, the representatives of the main group A had the best averaged values of angular coefficient (a) in all styles of high-speed swimming. Its relatively best values ranged from -0.0022 to -0.0034 in backstroke and freestyle respectively. At the lower limit, the range of variation in the values of angular coefficient in this group was from -0.0029 to -0.0044 in backstroke and breaststroke respectively.
Judging by dynamics of linear coefficient (b) it was possible to observe that value of coefficient decreases according to the level of sportswomen preparedness. At a 100meter freestyle distance, as well as at a 50-meter distance, lag of sportswomen of the main group A from the group of leaders by value of linear coefficient was 2.92-3.99% on the average. In butterfly, this figure reached 4.90%, in breaststroke was slightly lower -3.56%. Accordingly, the lag of sportswomen of the main group B from the main group A in terms of the linear coefficient was 4.71% in freestyle, 5.40% in butterfly and reached its maximum values in breaststroke, 6.29-6.35% upon the average. Similar trends in the dynamics of the average distance characteristic parameters velocity distribution were observed in different sample groups of male athletes.
Basing on the above mentioned and other examples (not given here), we applied the following preliminary version of the algorithm for processing the results when analyzing the results of swimming competitions: 1) to select in each general group of 50% of athletes who have completed the swimming distance;
2) to eliminate the top 5 results at each swimming distance;
3) to make a regression equation, required for calculating the values of angular and linear coefficients, for the remaining number of athletes at each distance; 4) to determine by the angular coefficient the level of athletes' relative competitiveness using comparative analysis with other competitions; 5) to calculate using the regression equation the value of average distance velocity (Y) of the calculated, conditional leader at X = 1.
Processed data of the 2013-2019 swimming world cups results, according to the specified algorithm "50% minus 5 best times", are represented in tables I and II. basing on differentiation of the athletes' general sample separate groups in various specializations of swimming.
2. The results of the study determined that the highest density of the results distribution function (Vaver.) with the corresponding number of high-level athletes, regarding their sports and technical readiness, is the optimizing factor of their high competitiveness in sports contests.
3. The approved algorithm for calculating the parameters of the results distribution and the quantitative composition of the athletes' total sample of each swimming specialization seems to be a necessary component of sports results distribution function optimization. 4 . Additional verification calculations showed that the results of the studies are dependent on random or intentional changes in the parameters of each studied sample of athletes. Differences in grades can reach 5-6 percent, which is significant for each swimming specialization. In this regard, a clear justification of quantitative and qualitative criteria for the formation of the highly qualified athletes studied samples is relevant. Thus, the results obtained in this study allow us to formulate the following conclusions.
